We present a new method based on a combination of optimum multiparameter analysis and CFC/oxygen mixing analysis to determine the ages of water masses in regions of mixing. It enables us to follow water mass movements in greater detail than with other methods, which give only the combined pseudoage of a water mass mixture. We define the age of a water mass as the time a water parcel needs to spread from its source region, where it received its individual tracer characteristics, to the point of observation. The age distribution allows us to determine pathways of water masses, which differ from simple advection trajectories because the age is determined by a combination of advective and diffusive processes. 
Introduction
The use of oceanic tracers offers an opportunity for following the pathways of water masses through the ocean and for quantifying their fractions as they mix [Wiist, 1935] . Tracer distributions are controlled by a combination of transport processes associated with the oceanic circulation and mixing and by reactive processes associated with the major biogeochemical cycles [Chester, 1990] . When tracing water mass pathways by analyzing water mass mixtures (i.e. in temperature/salinity (T/S) or temperature/oxygen (T/O•.) diagrams), the task is to extract the amount of different source water masses from the observed mixture and if necessary keep track of changes resulting from biogeochemical processes in a quantitative manner. information in CFC and oxygen fields (biogeochemical cycling activity calculated into an age via OUR) can therefore be used to determine the age of the water, that is, the time that has passed since the water mass formation. If more than one water mass is present, each water mass has its own age, and the aim of the analysis is to determine the individual age of each water mass separately. This places a minimum requirement on the available number of time dependent tracers. If two water masses dominate the situation, we have to derive two age fields, while two time dependent tracers are needed.
The analysis proceeds in two stages. As a first step, the linear mixing model of a modified OMP analysis [Mackas et al., 1987; Tomczak and Large, 1989] gen just one value), using the corresponding solubility functions [Weiss, 1970; Warner and Weiss, 1985] and 100% saturation of the tracers. This procedure is justified provided the water masses are formed in the surface mixed layer through air/sea interaction processes.
OMP analysis then finds source water mass properties which correspond to surface mixed layer values. We then reformulate the mixing problem in terms of mixing equations for the tracer uptake of the ocean. The equations express tracer uptake as functions of the spreading times for each water mass, where the mixing fractions are known from OMP analysis. For each tracer the solution relates the observed tracer concentration to all possible combinations of water mass age and oceanic tracer uptake history. A unique solution, which fixes the ages of all participating water masses, is found by combining the information from a number of tracers (here: F-11, F-12, and oxygen). The minimum number of time dependent tracers which is necessary to find a unique age solution equals the number of water masses in the mixture.
At present, the capacity of numerical models to follow water masses through the ocean and to evaluate their ages even under a state of very high dilution surpasses the capabilities of field oceanographers to derive corresponding quantities from their observations. Tracing the ages of individual water masses, as it is shown here, offers new possibilities for the evaluation of oceanic circulation and climate models and for detailed studies of ventilation processes. Our method offers opportunities to compare derived quantities from field observations with model results directly.
Method
The basis of our method is the assumption of linear mixing. This requires the dominance of turbulent mixing over other mixing processes in the ocean and allows the use of identical mixing coefficients for all parameters (temperature, salinity, oxygen, the nutrients, and the CFCs). The equations describing the parameter concentration C in a water parcel differ from parameter to parameter but can be grouped into three categories.
For a conservative parameter (i.e., temperature and salinity) the observed concentration •.cons is the result '-'obs of an integration in time over all mixing events to which the parcel was exposed along its spreading path. If n water types contributed to these events, its mixing history can be expressed in a simple concentration equation in terms of the fractions xi of the water types Finally, for a parameter which has a known source value in its region of origin (independent of time) but which participates in biogeochemical processes as it spreads through the ocean (i.e., oxygen and nutrients), the observed concentration C21•2 cøns is the sum of two components:
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The first component C quasi--cøns represents the devel- Figure 6 shows the resulting ICW water mass content (percentage) for the analyzed data on WOCE I5 section. As expected [Sprintall and Tomczak, 1993 The scatter increases toward lower densities (Figure 8) , that is, toward the surface. This is the region where water parcels left the biologically active surface layer only recently. They have been exposed to the various biogeochemical processes for a relatively short time only and thus have a highly variable OUR. Differences in the input gradient of F-11 and F-12 in the 1980s may cause a shifts in the F-11 ages toward more older ones compared to F-12 through internal mixing. This result in a systematic smaller OUR deduced from F-11 toward the surface.
To test the consistency of the pure water age prediction in the presence of measurement errors, we generated 100 new data values for each data point by adding random noise to F-11, F-12, oxygen data, and the OUR o (+ 0.9 mean standard deviation). Figure 9 shows the relative error in age prediction by comparing the mean of F-11 and F-12 derived ages to the mean of the ages derived by oxygen with the aid of the OUR. The resulting errors at densities as > 26.6 kg m -3 are generally less than 30%. The increase of the relative age error toward the surface kefiects mainly the misfit of the OUR from different F-11 and F-12 ages toward the surface (see Figure 8) .
Ages of Mixed Water Components
Having established the necessary parameters, we now proceed to the determination of iCW and SAMW ages in the mixing region. The analysis is based on the assumption of the density dependent OUR, 100% saturation of CFCs and oxygen in the source region, and constant Redfield ratios [Anderson and Sarmiento, 1994] . In the regions of pure water masses (>95% ICW and >95% SAMW) the amount of oxygen consumed since formation in the mixed layer (aAO2 in (4)) was used to obtain water mass age through (7). In the region of mixed water masses the same quantity (aAO2)/OUR ß represents a "mixed age" a quantity which is not easy to interpret. However, using the OUR calculated above and the water mass fractions xi determined from OMP analysis, we write (7) 
Ages on WOCE Section I5
The age distribution of SAMW and ICW in the southeastern Indian Ocean derived from the present method was already reported as part of a special volume on the WOCE Indian Ocean survey [Karstensen and Tomczak, 1997] . In the context of the present paper, which focuses on a detailed description of the method, it is sufficient to summarize the main findings.
In the density range under consideration (26.50 < ao < 26.95 kg m-3), ICW dominates the water column in the west. Over 90% of SAMW content is found east of Figure 10 . The relationships between age of the SAMW component (t2 of equations (6) and (7)) and the age of the ICW component (tx of equations (6) 
